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Summary and purpose of document

THORPEX is a 10-year research programme led by CAS to improve forecasting capability. Within THORPEX the GIFS-TIGGE project aims to provide a future global forecast system (GIFS) for WMO based on free exchange of multi-model ensemble forecast data. The ET-EPS plays a role in monitoring the development of plans for GIFS and providing input to help ensure that these plans meet the needs of CBS and WMO members for future operational use. This paper reports on recent developments and the contributions made by ET-EPS, and invites review of this contribution.
Action Proposed  

The meeting is invited to review the report and make recommendations as appropriate.

1. GIFS-TIGGE WG
1.1 THORPEX is a 10-year international research and development programme to accelerate improvements in the accuracy of 1-day to 2-week high impact weather forecasts for the benefit of society, the economy and the environment. THORPEX research topics include: global-to-regional influences on the evolution and predictability of weather systems: global observing system design and demonstration; targeting and assimilation of observations; societal, economic and environmental benefits of improved forecasts. THORPEX is organized under several Working Groups (WG) leading aspects of the programme. Further details of THORPEX are available at http://www.wmo.ch/pages/prog/arep/thorpex/index_en.html 
1.2 One of the key themes of THORPEX is the TIGGE (THORPEX Interactive Grand Global Ensemble) project. TIGGE is a research project aimed at assessing the benefits in the forecast of combining ensembles from different centres to form multi-model ensembles. In order to provide a large enough dataset to make statistically valid assessments, the TIGGE archive is accumulating ensemble forecasts from 10 centres over a period of several years. There are 3 designated TIGGE archive centres at ECMWF in Europe, NCAR in N. America and CMA in China. The first TIGGE data started to be archived in Jan 2006, so up to 2.5 years worth of data are now available for the first 3 ensembles to contribute – other systems have joined at intervals since. (For easy access to TIGGE data simply Google TIGGE which will give immediate access to all three archive centres.)
1.3 GIFS – One of the key aims of TIGGE is to lead to a new framework for a Global Interactive Forecast System (GIFS) to provide a shared forecast system for the benefit of all WMO members. Potential benefits are making available larger ensembles, with a more comprehensive range of perturbations, than any one nation can afford to run independently.  To achieve this means taking TIGGE beyond the research project it currently is into an operational framework. The project is led by a joint WG, named the GIFS-TIGGE WG (co-chairs Philippe Bougeault, ECMWF and Zoltan Toth, NCEP), with the aim of ensuring that the work of TIGGE is steered towards the creation of GIFS. Ken Mylne as Chair of ET-EPS acts as an observer to the GIFS-TIGGE WG to try to ensure that the plans for GIFS meet the operational needs of WMO members. 
1.4 NAEFS – A separate but related project to GIFS-TIGGE is the NAEFS (North American Ensemble Forecast System). This is a joint project between the Canadian Met Centre and NCEP (USA) to generate multi-model ensemble forecasts by combining bias-corrected outputs from their two EPSs. The Mexican Met Service also participates as a user. NAEFS can be seen as an operational equivalent of TIGGE using a subset of the ensembles, and provides a demonstration of what is possible in real-time operational multi-model ensemble prediction.
2. TIGGE Research Results
2.1 Some results from TIGGE-based research are now starting to be published in the literature. Both ECMWF and the UK Met Office have completed initial studies into the benefit of multi-model ensembles based on combining 3 ensembles, ECMWF EPS, the Met Office MOGREPS and the NCEP EPS.
2.2 Early results have mostly focused on standard medium-range diagnostic parameters such as the 500hPa Height, and indications are that the multi-model ensemble provides little benefit compared to the best-performing individual ensembles.

2.3 Some studies, notably at the UK Met Office, have started to look at the multi-model ensemble forecasts of surface weather parameters which are of more direct relevance to end-users, such as surface (2m) temperature. Early results show that for 2m temperature there is a significant benefit from combining the outputs of 3 ensembles compared to any individual ensemble. In terms of skill scores, this benefit may be equivalent to what can be achieved from several years worth of investment in improvements in NWP and EPS systems, and therefore has potentially high economic return on investment. 

2.4 These results are still early in the process, and much more work is required to determine the benefits over a wider range of parameters, and to determine the optimum system for GIFS. For example, it is likely that there is a law of diminishing returns as more EPSs are added to the multi-model combination, but work is required to determine the benefit of adding more inputs versus the increased complexity of the system in an operational environment. Work on more parameters, and particularly those related to high-impact weather, is required before we can adequately assess the real benefits of multi-model EPS to WMO members in comparison to what can be obtained from single model ensembles.
3. GIFS plans

3.1 The GIFS plan is being developed by a sub-group of the GIFS-TIGGE WG. This plan was extensively reviewed at the WG meeting in Pretoria in March 2008. A report from this meeting is attached at Annex A. A revised version of the plan is being prepared by the sub-group, and it is hoped to provide a copy of this in time for the ICT meeting. A number of comments and suggestions have been proposed by Ken Mylne with the aim of ensuring that the plan is achievable and will meet the needs of WMO members.
3.2 A key part of the GIFS plan is based on what is termed TIGGE Phase 2. Under TIGGE Phase 1 ensemble data were archived in 3 central archive centres as explained in para 1.2 above. Data are made available to researchers with a 48h delay, making it unsuitable for operational use. Under TIGGE Phase 2 it is proposed that live forecasts should be made available directly from producing centres, with a common user interface which allows access to the data. There are several potential difficulties with this as a planned future operational system:
· Some operational centres which have commercial interests may restrict the data they are prepared to make available in operational timescales, or limit it to data deemed essential for the protection of life. WMO should not therefore assume that such data will be made freely available.
· The technical capability to make these data available in real time is likely to be expensive, and there is no funding so it relies on voluntary contributions from national funding sources.

· Archiving of data locally is also expensive; one option is to continue central archiving at the existing archive centres, but this separates the operational and archive data sources. It is not clear that funding will be available for on-going operational archiving in the long term.
· Development of the capability to obtain and exploit data from the producing centres is likely to require considerable technical expertise and hardware capability, which is likely to be beyond the resources of many of the less-developed NMHSs.

3.3 In light of the above concerns with TIGGE Phase 2, the position of the Chair ET-EPS has been that a good model for the development of GIFS should be the cascading approach developed and demonstrated in the SWFDP in southern Africa. In this way the technically demanding tasks are undertaken by the global and regional centres, and prepared products, along with appropriate guidance, are supplied to the NMHSs so that they can use them to serve the essential needs for warning of severe and high impact weather. Global centres thus retain control of their data for commercial purposes, but can make use of multi-model ensemble data by collaboration. The system can be supported in manageable structures, rather than a single global structure. Funding may remain a problem, but may be more easily obtained through organizations such as the World Bank, or Voluntary Co-operation Programme to meet specific needs. 
3.4 An early demonstration of TIGGE Phase 2 work is being run as part of the T-PARC experiment (THORPEX Pacific Asian Regional Campaign) which is a multi-national field campaign planned by the Asian and North American Regional Committees and their associated national science committees that address the shorter-range dynamics and forecast skill of one region (Eastern Asian and the western North Pacific) and its impact on the medium-range dynamics and forecast skill of downstream regions (eastern North Pacific, North America and perhaps stretching to Europe). 
3.5 Under T-PARC there will be an exchange of tropical cyclone track data from different ensemble systems using a newly defined common data format (C-XML) designed for the purpose. This C-XML will enable the efficient combination of outputs from different ensemble systems to form multi-model ensemble products, and the T-PARC experiment should allow assessment of the improved skill of these multi-model products. This specific approach, focusing on a specific capability to predict tropical cyclone tracks, is a practical and contained example of how multi-model ensemble data can be exchanged and used efficiently. 
4. TIGGE Metadata
4.1 Good Metadata, which provides effective documentation of what the data are and how they can be used, is vital to the success of any data archive such as TIGGE. In order to ensure that metadata for TIGGE meets the needs of operational centres, the ET-EPS was tasked with helping to draw up a specification for TIGGE metadata contents.

4.2 From a CBS perspective the main requirements were that the Metadata provides adequate information about the different ensembles in the archive, and about upgrades to these systems as they occur which must be kept up to date. To complement this, the original TIGGE plan specifies the list of parameters which are stored in the TIGGE archive, and the archive centres provide documentation on how to obtain the data.

4.3 The ET-EPS has drawn up a standard format for EPS producing centres to provide information on their EPS and to record upgrades as they occur. This documentation is provided in the form of an Excel spreadsheet which makes it accessible and easy to use and update for both producers and users. A finalized version of this spreadsheet was prepared and submitted to the GIFS-TIGGE WG following the meeting in Pretoria in March 2008. The contents of the spreadsheet are reproduced in Annex B.

4.4 WMO has a standard XML format for the presentation and exchange of Metadata. An Excel spreadsheet, while user-friendly for producers and users, does not meet this WMO standard. To make it compliant, the spreadsheet is provided within an XML framework developed at ECMWF which meets the WMO Metadata specifications.
5. TIGGE-LAM

5.1 There is now rapid development of LAM (Limited Area Model) EPS taking place in some parts of the world. Following the principal of TIGGE, there is interest in whether multi-model ensembles can provide increased skill also for LAM EPS. As with the GIFS plans, there is also the possibility that sharing of LAM ensembles can reduce the cost of producing large ensembles and could provide high-quality EPS forecasts to WMO members who do not run their own ensembles. To develop this idea and support research, the GIFS-TIGGE WG has supported the creation of a second group called the TIGGE-LAM WG. Ken Mylne (Chair ET-EPS) is a full member of the TIGGE-LAM WG representing the UK Met Office but also in a position to represent the interests of CBS.
5.2 One of the difficulties for TIGGE-LAM, unlike global TIGGE, is that the overlap of LAM EPS domains is very limited in most parts of the world. One exception is Europe where there are a number of EPS systems covering the whole of Europe, but in other regions there is currently limited scope. In Europe the Eumetnet SRNWP collaboration is running a project on Interoperability, and has plans for an ensemble project termed EurEPS, which together share many of the interests of TIGGE-LAM. However there is also anxiety to ensure that TIGGE-LAM retains a global interest and scope and is not dominated by the interests of Europe. 
5.3 LAM EPS is generally focused on the short-range forecast, so there are additional practical difficulties for any operational setup in ensuring that forecast data can be exchanged on short-enough timescales to be useful.
5.4 TIGGE-LAM has produced a suggested list of output parameters to be made available for sharing. This is broadly based on the TIGGE list, but includes a number of additional variables most suitable for short-range forecasting from LAMs. TIGGE-LAM has agreed that outputs should be shared in GRIB-2.

5.5 A concern about the parameter list is that it is very comprehensive, and to make all variables available would be expensive in both computing and telecoms. With TIGGE-LAM currently at an early stage of development, it is unlikely that many users would use more than a very few of the variables on the list. The Chair of ET-EPS therefore proposed a small subset list of High Priority variables which could be provided as a minimum. These were chosen since they are the most commonly used and verified for short-range forecasting, and would allow an initial assessment of the value of TIGGE-LAM data for operational forecasting, with the emphasis on short-range. These high priority variables are:
- Mean sea level pressure 

- 10m U-velocity 

- 10m V-velocity 

- Wind Gust

- Surface air temperature 

- Surface air dew point temperature 

- Total precipitation (liquid + frozen)

- Convective & large scale precipitation.
5.6 For global TIGGE there are 3 designated archive centres storing all ensemble outputs for research purposes (see para 1.2). For TIGGE-LAM there are no such designated centres and it is assumed that producing centres will archive data and make them available. However not all producing centres will have the resources to do this. The main TIGGE archive centres (ECMWF, NCAR and CMA) have agreed that they will provide an archive service for the High Priority list of variables only for TIGGE-LAM, and for their own regions only (ECMWF for Europe, NCAR for N. America and CMA for Asia). 

5.7 In addition to the basic capability of sharing ensemble outputs to produce larger multi-model ensembles, there is also an interest from some countries in sharing initial and boundary conditions from global (or lower resolution LAM) ensembles to aid the construction of LAM EPS. For example, part of the perturbation for a LAM EPS can be created by taking initial and lateral boundary conditions from different sources. To allow this, TIGGE-LAM is asked to consider how to exchange fields for initial and boundary conditions, in common formats that all can use. This is technically difficult and there are widely differing views among LAM experts. 
5.8 From a CBS perspective, TIGGE-LAM is at an early stage of development, and there remains considerable doubt about whether the practical difficulties can be overcome to offer a viable solution for short-range forecasting application. The nature of LAMs and their limited overlap and coverage also means that, compared to global EPS, there is relatively little scope for supporting and helping the less developed WMO members. It is likely that the interests of CBS are better served by concentrating on the benefits which can be obtained from global GIFS-TIGGE in the next few years, while keeping a watch on TIGGE-LAM research for possible benefits which may be obtainable in the future.
6. Summary of Conclusions and Future Strategy

6.1 The ICT Meeting is invited to consider the following conclusions and make recommendations on the policy for future development.

6.2 Plans for development of GIFS need to be on a scale which is affordable and likely to gain the support of EPS producing centres and their funders. Support to less-developed WMO members is best provided through a cascading approach as developed under the SWFDP. From a CBS perspective this may be more likely to provide the required support to vulnerable WMO members than a system which makes large amounts of multi-model ensemble data available for members to use themselves. 

6.3 In certain specific types of high-impact weather systems, exchange of limited information in dedicated simplified coding can be of great value. The new C-XML code for tropical cyclone tracks from ensemble forecasts is an excellent example. For the benefit of vulnerable WMO members, this coding needs to be backed up by systems which turn the information into products (eg charts) for cascading to least developed NMHSs.

6.4 Opportunities for operational benefits from TIGGE-LAM are very limited in the next few years by practical difficulties and lack of coverage in most parts of the world. Much further research is required to overcome these difficulties and demonstrate the benefits. It is recommended that CBS interest should focus on global EPS at the current time, while keeping a watch on research results to monitor progress and the future potential for LAM EPS.
Annex A – Report from GIFS-TIGGE WG Meeting in Pretoria

Report for CBS on the

Fifth Meeting of the THORPEX ICSC GIFS-TIGGE Working Group

Pretoria, South Africa, 11-13 March 2008 

Ken Mylne, Chair ET-EPS

1. Background and Purpose of Attendance

1.1 An important part of the 10-year THORPEX programme to improve forecasts of severe weather on time-scales of 1-14 days is the creation of the TIGGE (THORPEX Interactive Grand Global Ensemble) archive in order to facilitate research on the benefits of multi-model ensembles. The overall vision of THORPEX is that the TIGGE concept should ultimately develop into an operational framework to form the basis of a new GIFS (Global Interactive Forecast System), which could potentially provide a forecast system for the world, bringing the benefits of the most advanced centres to the entire globe.

1.2 The work on TIGGE and GIFS is led by the GIFS-TIGGE Working Group, co-chaired by Philippe Bougeault (ECMWF) and Zoltan Toth (NCEP). This was the fifth formal meeting of the group. I am not a full member of the WG, but am invited to attend as an observer in my role as Chair of the Expert Team on EPS (Ensemble Prediction Systems). This was the second time I have attended a meeting of the GIFS-TIGGE WG.

1.3 From the early stages, the TIGGE project has been planned in two Phases. Phase I was intended to create an archive database of global ensemble forecasts from as many centres as possible, and to make this database available to the research community as a resource for research on the optimal forecast system. The database was to be archived at 3 archive centres (ECMWF in Europe, CMA in China and NCAR in the USA) in near-real time, and forecasts were to be made freely available 2 days after their creation date. Some forecasts could be made available in real-time for specific research purposes only, such as research on observation targeting which is another strand of the THORPEX programme. Under Phase II the concept was to create a distributed database whereby dedicated software would allow forecast data to be accessed directly from any of the producer centres in real-time for the creation of multi-model ensemble forecast products. This would potentially provide the basis for GIFS, and also ultimately remove the need for the global archive centres. 

1.4 Progress of TIGGE under Phase I is fully documented elsewhere, and is not repeated here. It is sufficient to report that the TIGGE archive has been successfully created at all three archive centres with a large number of NWP centres contributing data. Research uptake of the data has been rather slow, but a few groups are starting to generate some interesting results, and some strong evidence for the benefits of multi-model ensembles is starting to emerge. Benefits are greatest when looking at surface weather parameters such as surface temperature rather than the standard fields used to assess medium-range forecasts such as 500hPa geopotential height. A number of new techniques have also been developed to aid diagnosis of high-impact weather from ensemble forecasts, and are starting to be applied to forecasts based on the TIGGE archive. 

1.5 In March 2008 the project is successfully approaching the end of Phase I and is planning Phase II . A sub-group of the WG, led by Zoltan Toth, has drafted a plan for GIFS under Phase II entitled High Impact Weather Forecasting for GEOSS: The Global Interactive Forecast System (GIFS). A major part of the purpose of the Pretoria meeting was to review the Phase II plans for GIFS. 

1.6 Another strand of the TIGGE work which has been developed over the last 18 months is the concept of TIGGE-LAM. This proposes a similar development to TIGGE based on LAM (Limited Area Model) Ensembles. The scope for combined LAM multi-model ensembles is much more limited than for global models, because of the limited regions in which there are significant over-lapping domains. Nevertheless there is considerable scope within Europe where a number of LAM Ensemble domains do overlap, and there is the potential for Europe to act as a test-bed for the concept elsewhere in the world.

1.7 The purpose of my attendance at this WG meeting was to review the progress of the GIFS-TIGGE project on behalf of CBS, and to contribute to discussions to try to ensure that the plans for GIFS were suitable to meet the future needs of CBS and the user community. It was also important to consider the plans from an operational perspective to ensure that they were realistic and have a good prospect of delivering the benefits to the CBS community.

1.8 Another separate but related purpose of the visit was to review progress with the Southern Africa Severe Weather Forecast Demonstration Project (SWFDP). The SWFDP project, for which I am on the Steering Committee, has recently completed its first demonstration in southern Africa, led from the forecast office of the South African Weather Service which was also hosting this meeting. The meeting provided an opportunity to visit the forecast office and gain feedback from the forecasters prior to the SWFDP Steering Group meeting the following week in Geneva. 

1.9 Bringing the two aims together, the cascading process used in the SWFDP to provide NWP and other data from global and regional centres to the least developed NMHSs for improvement of severe weather warnings may provide a practical and achievable model for the exploitation of the GIFS concept.

2. Progress with TIGGE Research
As noted above, I do not propose to provide a full review of progress here as it is already available in other reports and papers provided to the meeting. (Also due to a missed flight connection caused by bad weather, I missed the first day of the meeting which covered this review.) 

3. TIGGE-LAM

3.1 Tiziana Paccagnella reported on the progress of the TIGGE-LAM WG. 

3.2 The WG has proposed that a small number of weather parameters be defined as the key variables for most purposes, and has requested that these be archived at the main TIGGE archive centres. Two of the three TIGGE centres have to-date agreed to do this. In addition a number of centres have expressed interest in acting as regional archive centres for Phase II, suggesting that TIGGE-LAM may be able to move rapidly to a Phase II concept of a distributed archive.

3.3 A major issue for TIGGE-LAM is Interoperability, the ability to take outputs from different LAM ensembles in a common format for post-processing, and also to be able to run different LAMs from boundary conditions provided from different global centres. 

3.4 An initial proposal from the TIGGE-LAM WG to provide boundary conditions from all global models in a common format based on pressure levels has been heavily criticised by LAM modellers due to the need for double interpolation to the pressure levels and then again to the LAM levels. On the other hand, several members of the GIFS-TIGGE WG expressed a preference for pressure levels, and it was suggested that errors in interpolation may even provide a useful extra source of ensemble perturbations.

3.5 There is a European project on Interoperability planned by Eumetnet and likely to be led by the UK Met Office which will address these issues. It was agreed that TIGGE-LAM should aim to integrate with this project to ensure consistency and avoid duplication of work. However there was concern that the Eumetnet project would deliver too late for the purposes of TIGGE-LAM, and it was therefore proposed that TIGGE-LAM should press ahead with a wider survey of the issue of boundary conditions.

4. SWFDP Experience
4.1 Eugene Poolman of South African Weather Service (SAWS) presented the experience of the SWFDP in southern Africa. 

4.2 The cascading process for supplying global ensemble data (from ECMWF, NCEP and the UK Met Office), plus regional deterministic forecasts generated at SAWS, was very successful. Model data were accompanied by guidance generated by the SAWS forecast office. 

4.3 Objective verification was very hard to obtain, due to lack of suitable observations in many of the receiving countries.

4.4 Subjective assessment was that the project had been very helpful and the receiving countries were very enthusiastic about the benefits. Although there were reports of missed events and of false alarms, there was a general view that the quality of warnings issued by the NMHSs had improved. Reports from end-users also reported a much improved confidence in the local forecasters, which in turn improved their confidence and therefore willingness to respond to warnings. There was some subjective evidence that the major flooding in Mozambique and Zimbabwe during the trial period had been well-handled and that this was in part due to the support of the SWFDP.

5. GIFS Plans
5.1 The original GIFS concept, which was outlined in the draft plans presented to the meeting, proposed a distributed archive of real-time forecasts which could be accessed by any centre through an interface which would allow the generation of multi-model ensemble products using data pulled from several producer centres in real-time. The plans also set out a timetable for the creation of such a system. 

5.2 The plan recognised the complexity and cost (currently unfunded) of creating this system, and also proposed that an initial demonstration of the concept be based on multi-model ensemble forecasts of tropical cyclone tracks. A new XML-based format for exchange of TC track forecast data has been proposed and agreed to serve this purpose. It is planned that this concept for TCs will be fully tested during the T-PARC experiment.

5.3 I had a number of concerns about the plans as presented from a CBS point of view:

· The timetable was unrealistically optimistic considering the complexity of technical development required.

· The plans assumed complex and costly voluntary contributions from producer centres in setting up archives and distribution systems – it was not clear that these contributions were likely to be forthcoming.

· Little consideration was given to data-policy issues which would likely prevent some producer centres from making their data freely available.

· The concept puts in place a facility to allow end-users to pull multi-model ensemble forecasts from the distributed database and create products, but this still assumes technical and scientific know-how in the end-users to know what to create. I felt this was not a realistic way to support under-resourced NMHSs in least-developed countries in particular.

· Some proposals in the plans were based on questionable science, in particular ideas around ad-hoc production of probabilistic products to assess the risk from specific anticipated weather events. 

5.4 During discussions it became clear that some of my concerns were shared by others, and there was a considerable revision of the thinking during the meeting. In particular:

· There was very little support from any producer centres for the costly development of the interface required to provide access to data from the distributed database.

· It was realised that there is a difference between an archive centre – storing data for long-term research purposes – and a real-time distribution centre. It was suggested that the two could be separated and that the existing three archive centres may be asked to continue to provide that function. The reps of the archive centres present at the meeting did not seem to have any objection to this, but it is not certain that they were in a position to make any commitments.

· On data-policy it was suggested that each centre would contribute according to their preference, but it was not clear how many centres would contribute data freely.

· Some major centres expressed a strong view that they would not be able to support Phase II as proposed because of cost and technical issues.

· It was agreed that a survey of producer centres to gain their official views on contributions to Phase II would be useful.

· The science suggests that most of the benefit of multi-model ensembles can be gained from using output from 2-3 centres, and that investment in infrastructure to create products from around 10 centres could be wasteful.

· I challenged the ideas of generating ad-hoc probabilistic products for specific events on several grounds:

· It is not practicable to set up model systems for specific events or systems in regions where they have not been extensively tested; model problems are likely to occur and performance will be unknown.

· Ensemble forecasts are inherently probabilistic, but probabilistic performance is unknown and cannot be tested or estimated for one-off events – this goes against the whole concept of proper testing of probabilistic forecasts which requires large samples of forecasts.

· From an operational point of view, the time when forecasters have least capability to generate new or specific products is when they are under pressure of time and extra work caused by a threat of a high-impact weather event.

· My concerns were largely supported by the meeting.

· It was proposed that the SWFDP approach to cascading information through regional centres (DCPCs – Data Collection and Product Centres in the terminology of the new WMO WIN system) to support less-developed NMHSs was a more practical way to implement the GIFS. This has the advantage of keeping each project on a manageable scale, including guidance rather than relying on the least developed services to generate their own products. This proposal was not formally agreed by the meeting, but was not heavily challenged either.

5.5 It was proposed that the initial focus on demonstrating the Phase II concept just with TCs was too narrow and restrictive, and that an additional product type should be considered. Precipitation was proposed.

5.6 It was recognised that some aspects of the plan need some more specialised consideration. It was proposed that Focus Groups with Experts should be created to consider:

· Distributed archiving.

· Toolbox – to define proper procedures for joint development and sharing of Phase II tools.

· Web interfacing.
5.7 The GIFS planning group were tasked with revising their plans in light of the discussion. Their report will then be submitted to the ICSC, and with their approval to CBS.

6. User Workshop
6.1 It is planned to hold a user workshop in conjunction with the next THORPEX Scientific meeting. The date is not yet fixed but it is expected to be in California in March 2009. I agreed to join the organising committee to ensure the CBS Users perspective is represented.

6.2 It was suggested that I should submit a paper on the role of SWFDP in meeting the needs of GIFS.

7. actions
Two actions for Ken Mylne from the meeting:

i) Do one more iteration of the content of the TIGGE Metadata proposal, taking account of feedback. Note for DPFS-ICT – Action completed.
ii) Participate in the organising committee for the User Workshop to be held in conjunction with the next THORPEX Science Meeting. Note for DPFS-ICT – Action in progress.
Annex B – TIGGE Information Spreadsheet, Version 4 as updated in April 2008.

The TIGGE Information Spreadsheet, which is incorporated within TIGGE Metadata, is set out below. The first sheet provides some guidelines about the contents and updating instructions. Subsequent sheets provide the data, and the example given below includes some sample entries based on the ECMWF EPS.

Sheet 1: Information about the Ensemble Documentation
	WMO Standard Documentation for Ensemble Prediction Systems (EPS)

	Name of Producing Centre: 

	

	This spreadsheet provides a standard format for Documentation describing Ensemble Prediction Systems (EPS). It has been designed to meet the needs of potential users of ensemble forecasts and also the needs of the users of the TIGGE (THORPEX Integrated Grand Global Ensemble) archives.It will be incorporated within WMO standard Metadata for archives of ensemble forecast data

	A copy of this doumentation should be made available by each EPS producing centre and updated immediately as system upgrades are implemented. Copies of this documentation should also be provided to the TIGGE archive centres.

	Each Worksheet of the spreadsheet provides the documentation for a different version of the ensemble; the different columns in the worksheet represent different models used within the ensemble where required. Whenever an ensemble producing centre updates its system it is therefore responsible for providing a new worksheet for the spreadsheet.

	Multi-model ensembles: where an ensemble includes more than one model, or significantly different versions of a model, a separate column must be completed for each model. 

	Where a producing centre provides a control forecast at a higher-resolution than the ensemble model, this should be described in a separate sheet of the table; a control forecast at the ensemble resolution should be included in the ensemble sheet. Where a separate sheet is used for a high-resolution control, the tab label must clearly indicate this.

	Responsibility for updating the Documentation lies with the producing centres; updates should be supplied to the TIGGE data centres at NCAR, ECMWF and CMA.

	

	This spreadsheet is designed by the WMO CBS Expert Team on Ensemble Prediction Systems (ET EPS) in collaboration with the TIGGE Working Group.The ET EPS can be contacted via WMO Headquarters in Geneva.

	Additional lines may be added to the table in future if required. Users are requested to contact the ET-EPS with any new requirements, so that tables at different centres can be kept consistent.

	The Master version of the Metadata spreadsheet will be available from the WMO Secretariat, from the ET-EPS contact, currently Peter Chen (Pchen@wmo.int) 

	

	Instructions for updating:

	To add a new EPS version:

	1. Create a new Worksheet as a copy of the Template sheet (Right-click on Template tab, select Move or copy…, Tick copy and select location relevant to other sheets, Click OK). Alternatively, copy the previous version and change only the parts which need updating.

	2. Place new worksheet at left end nearest this Info page. Worksheets should be ordered from the current version at the left to the oldest available version at the right next to the Template sheet.

	3. Give the Worksheet tab an appropriate name (eg Version 1.1)

	4. Complete or update the information in the Worksheet.


Sheet 2: Main information page, with examples taken for ECMWF EPS 

	Ensemble Name: ECMWF EPS
	Sample answers for ECMWF

	Ensemble Characteristics
	Different Models (or model configurations) used in the Ensemble in 
different columns

	
	

	1. Ensemble Version
	Model 1

	Version Identifier Code
	

	Date of first implementation of this version
	

	Please provide a short description of the Ensemble Prediction System
	

	Research or Operational? If not operational, are there any plans to become so?
	

	Global or Regional EPS? (See section 7 for items specific to regional EPS)
	Global

	Data time of first forecast run 
	

	Date of last forecast with this version (if applicable)
	

	Data time of last forecast run (if applicable)
	

	Is there a higher-resolution control forecast available? (If yes, this should be described in a separate sheet of this spreadsheet.)
	Y/N?

	
	

	Brief summary of main changes from previous version (keywords).
	N/A - First version listed

	
	

	
	

	2. Configuration of the EPS
	

	Horizontal resolution of the model. (Where variable resolution is used, please describe in full.)
	TL399

	Horizontal configuration and resolution of the output grid
	??

	Number of model levels
	62

	Type of model levels (eg sigma)
	

	Forecast length and forecast step interval
	T+0h to T+240h at 6h

	Runs per day (Times in UTC)
	2 (00, 12)

	Is there an unperturbed control forecast included? (Y/N)
	Y

	Number of perturbed ensemble members (excluding control)
	50

	Integration time step
	30 min

	Top of model - model section
	~5hPa

	Is model coupled to an ocean model?
	No

	If yes, please describe ocean model briefly including any ensemble perturbations applied
	

	Additional comments
	

	
	

	3. Initial conditions and Perturbations
	

	Data assimilation method for control analysis
	4D-Var 12h window

	Resolution of model used to generate control analysis
	

	Control variables used in data assimilation
	

	Ensemble initial perturbation strategy
	Singular Vectors (Total energy norm)

	Optimisation time in forecast (if applicable)
	T+48

	Horizontal resolution of perturbations (if different from model resolution)
	TL42

	Initial perturbed area
	Extra tropical (<30S, >30N) + up to 6 tropical areas

	Are perturbations to observations employed? (Y/N)
	

	Perturbations added to control analysis or derived directly from ensemble analysis
	Added

	Perturbations in +/- pairs? (Y/N)
	Y

	Additional comments
	

	
	

	4. Model Uncertainty Perturbations
	

	Is model physics perturbed?  If yes, briefly describe method(s).
	Y. Stochastic perturbation of physics tendency by factor in range [0.5,1.5]

	Do all ensemble members use exactly the same model version, or are, for example, different parameterization schemes used? Please describe any differences.
	Same

	Is model dynamics perturbed? If yes, briefly describe method(s).
	N

	Are the above model uncertainty perturbations applied to the control forecast? 
	N

	Additional comments
	

	
	

	5. Surface Boundary Perturbations
	

	Perturbations to sea-surface temperature?  If yes, briefly describe method(s).
	N

	Perturbations to soil moisture?  If yes, briefly describe method(s).
	N

	Perturbations to surface wind stress or roughness?  If yes, briefly describe method(s).
	N

	Any other surface perturbations?  If yes, briefly describe method(s).
	N

	Are the above surface perturbations applied to the control forecast?
	N/A

	Additional comments
	

	
	

	6. Other details of model
	

	Description of model grids.
	

	List of model levels in appropriate coordinates
	

	What kind of Large scale dynamics is in use (e.g. gridpoint semi-Lagrangian)? 
	Spectral semi-lagrangian

	What kind of boundary layer parametrization is in use?
	Moist EDMF with Klein/Hartmann stratus/shallow convection criteria

	What kind of convection parametrization is in use?
	Tiedtke 89, Bechtold et al 2004 (QJ) which improved the triggering

	What kind of large-scale precipitation scheme is in use?
	

	What Cloud scheme is in use?
	Tiedtke 93 prognostic cloud fraction

	What kind of land-surface scheme is in use?
	

	How is radiation parametrized?
	

	Other relevant details?
	

	
	

	
	

	
	

	7. Regional Ensemble specifics
	

	Regional domain descriptor (lat/long of boundaries)
	

	Normal source of boundary conditions
	

	Are boundary conditions perturbed?
	

	Specification of boundary conditions required.
	

	Are boundary condition requirements compatible with any other global models or standards? If so, please describe
	

	Are initial conditions downscaled from a global analysis or is a regional analysis used?
	

	Is regional ensemble a downscaling of global ensemble perturbations, or are specific regional perturbations calculated?
	

	Additional comments
	

	
	

	
	

	8. Further Information
	

	Scientific contact
	

	URLs for Scientific documentation
	

	Technical contact point
	

	URLs for Technical documentation
	

	Other contact points
	

	List key reference papers for model
	

	List key reference papers for EPS
	Molteni,F., Buizza,R., Palmer,T.N. and Petroliagis,T., 1996: The ECMWF Ensemble Prediction System: Methodology and Validation Q.J.R Meteorol.Soc. (1996) Vol 122, pp 73-119

	URLs for system documentation
	http://www.ecmwf.int/products/forecasts/guide/index.html 

	Data policy of originating centre for usage of data in TIGGE
	Users of the ECMWF data sets are requested to reference the source of the data in any publication, e.g. "ECMWF ERA-40 data used in this study/project have been provided by ECMWF/have been obtained from the ECMWF Data Server".

	
	

	
	

	9. TIGGE Specific Information
	

	Version Identifier Code
	

	Date of first forecast in TIGGE
	

	Data time of first forecast run in TIGGE
	

	Date of last forecast in TIGGE
	

	Data time of last forecast run in TIGGE
	

	Is there a higher-resolution control forecast included in TIGGE? If so give tab name where it is described.
	Y/N?

	
	

	Brief summary of main changes from previous version (keywords).
	N/A - First version in TIGGE


